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AUTOMATED CABLE BREAKOUT
ASSEMBLY

CLAIM OF PRIORITY

This application claims priority of U.S. Provisional Patent

Application Ser. No. 62/081,935, filed on Nov. 19, 2014,
entitled “AUTOMATED CABLE BREAKOUT ASSEM-
BLY” the teachings of which are incorporated herein by
reference.

TECHNICAL FIELD

The present disclosure 1s directed to towing systems, and
more specifically to an automated cable breakout assembly
for use with a towing system.

BACKGROUND OF THE DISCLOSURE

In various applications, 1t may be necessary or desirable
to tow multiple vehicles or other bodies behind a vessel. For
example, a ship, submarine, or other naval vessel may use
multiple bodies to support towed sonar array applications or
other applications. As a particular example, one or more
towed bodies could include transmit arrays, and one or more
other towed bodies could include receive arrays. The trans-
mit arrays generate acoustic signals that reflect off objects
and return to the receive arrays. In order to connect multiple
bodies to a vessel for towing, separate tow cables are often
needed, which increases the complexity and cost of the
overall system.

SUMMARY OF THE DISCLOSURE

This disclosure provides an automated breakout assembly
(ABA) and method for engaging the ABA.
In a first example, a system includes a body. The body
includes a tow socket configured to receive a randomly-
aligned tow ball. The tow socket includes a rotatable sleeve,
a cam, and multiple mating connectors. Each mating con-
nector 1s electrically coupled to an electrical conductor. The
system further includes a cable configured to be coupled to
the body 1n order to facilitate towing of the body. The cable
includes multiple core connectors and multiple breakout
connectors configured to transport signals. The cable further
includes a tow ball configured to enter the rotatable sleeve
of the tow socket. The tow ball includes connectors config-
ured to couple the breakout connectors of the cable to the
mating connectors of the tow socket. The cam 1s coupled to
the rotatable sleeve and configured to rotate the rotatable
sleeve to substantially align the mating connectors of the
tow socket with connectors of a tow ball such that each
clectrical conductor electrically coupled to a mating con-
nector couples to a corresponding connector of the tow ball.

In a second example, an apparatus includes a tow socket
configured to receive a randomly-aligned tow ball. The tow
socket i1ncludes a rotatable sleeve, a cam, and multiple
mating connectors. Fach mating connector 1s electrically
coupled to an electrical conductor. The cam 1s coupled to the
rotatable sleeve. The cam 1s configured to rotate the rotatable
sleeve to substantially align the mating connectors of the
tow socket with connectors of a tow ball such that each
clectrical conductor electrically coupled to a mating con-
nector couples to a corresponding connector of the tow ball.

In a third example, a method includes receiving, by a tow
socket having a rotatable sleeve and multiple mating con-
nectors, a cable into the tow socket through a slot. The cable

10

15

20

25

30

35

40

45

50

55

60

65

2

comprises a tow ball. Each mating connector 1s electrically
coupled to an electrical conductor. The method includes
receiving, by the rotatable sleeve, the randomly-aligned tow
ball through an entrance. The method includes rotating a
cam to rotate the rotatable sleeve to substantially align the
mating connectors of the tow socket with connectors of the
tow ball such that each electrical conductor electrically
coupled to a mating connector couples to a corresponding
connector of the tow ball. The method includes transferring
a tow loading force between the cable and the tow socket by
moving the cable.

Other technical features may be readily apparent to one
skilled 1n the art from the following figures, descriptions,
and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure and 1ts advantages, reference 1s now made to the
following description taken in conjunction with the accom-
panying drawings, 1n which like reference numerals repre-
sent like parts:

FIG. 1 illustrates an example of a towing system accord-
ing to embodiments of the present disclosure;

FIG. 2 illustrates an example of a leading towed body
coupled to a tow cable via an automated breakout assembly
according to embodiments of the present disclosure;

FIG. 3 illustrates the automated breakout assembly
(ABA) of FIG. 2 1n a disengaged state;

FIG. 4 illustrates a rear of a tow ball facing a front of a
tow ball receiver for clocking and mating according to
embodiments of the present disclosure;

FIG. § 1illustrates a longitudinal cross-section of an
example tow ball according to embodiments of the present
disclosure:

FIG. 6 illustrates a lateral cross-section of an example tow
cable according to embodiments of the present disclosure;

FIGS. 7A and 7B illustrate an example ait tow point
socket according to embodiments of the present disclosure;

FIGS. 8A and 8B illustrate a solid assembly view of the
tow socket of FIGS. 7A and 7B mounted to an aft tow point;

FIG. 9 illustrates a method of engaging an ABA according
to embodiments of the present disclosure; and

FIGS. 10A through 12C illustrate various operations
within the method of engaging an ABA 1n FIG. 9.

DETAILED DESCRIPTION

It should be understood at the outset that, although
example embodiments are illustrated below, the present
invention may be implemented using any number of tech-
niques, whether currently known or not. The present inven-
tion should in no way be limited to the example implemen-
tations, drawings, and techniques 1illustrated below.
Additionally, the drawings are not necessarily drawn to
scale.

This disclosure provides an automated cable breakout
assembly that can be used to connect multiple vehicles or
other bodies to a vessel using a single tow cable. The
automated cable breakout assembly also provides an auto-
mated 1mterconnection, meaning little or no human 1nterven-
tion may be required to properly align a towed vehicle or
other body to a connector on the tow cable. Further, the
automated cable breakout assembly allows for interconnec-
tion at any mid-point of a tow cable, meaning signals can be
received from or provided to the tow cable at various points
between the ends of the tow cable. In addition, implement-
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ing the automated cable breakout assembly (ABA) with the
design features described herein will reduce or eliminate the
risk of cable damage due to mating rotational alignment
and/or towed body rotation due to rotational stifiness of the
tow cable.

These or other benefits can be obtained via the use of a
tow ball that structurally anchors a cable. The tow ball has
embedded connectors that rotationally align with mating
connectors embedded 1in a tow socket, which 1s fixed to a
towed vehicle or other towed body. When a randomly-
aligned tow ball enters the tow socket, a cam follower of the
tow ball drives a rotation cam fixed to a rotation sleeve 1n the
tow socket to achieve rotational alignment. Mating occurs
via (drag) tension in the tow cable.

Among other things, example novel features of this
approach include the tow socket’s rotation sleeve and its
peripheral hardware, which allow for automated intercon-
nection without cable damage and/or towed body rotation
once the towed vehicle or other body 1s launched. Other
novel features include a low-1riction rotation sleeve with its
integral cam and embedded socket connectors, plus a flex-
ible cable wired to the connectors in the socket and 1ts return
mechanism that re-align the cable entry slots of the outer
housing with the 1mnner rotation sleeve.

Additional details regarding one example implementation
of the automated cable breakout assembly are provided
below. The automated cable breakout assembly could be
used 1n any suitable application, such as 1n towed array sonar
applications or other applications where multiple vehicles or
other bodies are towed using a common tow cable.
Examples of towed sonar array applications where the
automated cable breakout assembly disclosed herein could
be used to couple vessels to towed vehicles or other bodies
are disclosed in U.S. Pat. No. 6,683,819 and U.S. Pat. No.
7,046,582 (both of which are hereby incorporated by refer-
ence). However, the automated cable breakout assembly
disclosed here could be used 1n any other suitable applica-
tions, including military and commercial applications.
Example applications could include towed array sonar appli-
cations for submarine detection, search and rescue opera-
tions, underwater navigation, or underwater mapping appli-
cations.

FIG. 1 illustrates an example of a towing system 100
according to embodiments of the present disclosure. In the
towing system 100, a vessel 105 tows one or more bodies
that communicate signals to each other through a single
cable that mechanically tethers the bodies to each other and
to the vessel. Various components of the towing system form
an automated breakout assembly (ABA) to achieve an
clectrical breakout interconnection and load transfer
between a tow cable 110 and one or more towed bodies
115-120. The towing system 100 includes the vessel 105, the
tow cable 110, one or more towed bodies 115-120, and at
least one ABA 125. The towing system 100 can include
towed bodies connected 1n series, such that one towed body
leads another towed body, and the other towed body trails 1ts
leader. In the example shown, the towed body 115 represents
a leading towed body, and the towed body 120 represents a
trailing towed body. In a specific example, the distance
between the leading towed body 115 and the trailing towed
body 120 can be several thousand feet.

An auxiliary tow ball at the forward tow point 140 1s a
component that enables certain functions of the ABA 125 as
described herein. The auxiliary tow ball at the forward tow
point 140 bears the drag loading of the towed body 115 and
all that 1s towed behind 1t. This enables the cable between the
ABA tow ball (1.e., tow ball within the ABA 1235) and the
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auxiliary (forward) tow ball to be slack during towing
operations and enables the ABA tow ball to remain engaged
by the drag force of the trailing towed body 120.

The vessel 105 tows the towed bodies 115-120 in a
forward direction 130 by using the tow cable 110. The vessel
105 can float on the surface 1335 of a body of liquid, such as
water 1 an ocean or lake. A host ship 1s an example of the
vessel 105.

The tow cable 110 tethers the towed bodies 115-120 to
cach other and to the vessel 105, restricting movement 1n
undesired directions. The tow cable 110 extends from the
vessel 105 to various tow points on the leading towed body
115, and further to a tow point of the trailing towed body
120. The tow cable 110 1s coupled (i.e., connected or
mechanically attached) to the vessel 105 and each of the
towed bodies 115-120. That 1s, the tow cable 110 1ncludes
one end that 1s coupled to the vessel 105, and another end
that 1s attached to the trailing towed body 120. The tow cable
110 also includes one or more tow balls (described more
particularly below) that each form a portion of an ABA 1235
for interconnecting any mid-point of the tow cable 110 to a
towed body 115-120. The tow cable 110 1s a single cable,
wherein the line C represents a location for a lateral cross-
section of the tow cable 110. The circle with an “x” through
the center represents a direction into the page for the
cross-section cut along the line C.

The towing system 100 can be an underwater towing
system, wherein the leading towed body 115 and the trailing
towed body 120 are submerged during a towing operation.
The leading towed body 115 includes a forward tow point
140, a hull, and an aft tow point 143 to which mid-points of
the tow cable 110 connect. The leading towed body 115
includes a transmit array configured to accept a sound
navigation and ranging (SONAR) transmit signal from the
towing vessel 105 through the tow cable 110. Correspond-
ingly, the trailing towed body 120 includes a forward tow
point to which the end of the tow cable 110 connects, and a
receive array 150 configured to transmit SONAR signals to
and accept power from the towing vessel 105.

The zoomed-in portion of FIG. 1 shows the ABA 125 at
a closer point of view. In this embodiment, the ABA 125
transters load between the tow cable 110 and the leading
towed body 115. That 1s, the ABA 1235 1s formed from the
tow ball of the tow cable 110 and a tow socket of the leading
towed body 115.

Although FIG. 1 illustrates one example of a towing
system 100, various changes may be made to FIG. 1. For
example, the relative sizes, shapes, and dimensions of the
vartous components shown in FIG. 1 are for illustration
only. Each component in FIG. 1 could have any other size,
shape, and dimensions.

FIG. 2 illustrates an example of a leading towed body 200
coupled to a tow cable 205 via an automated breakout
assembly 210 according to embodiments of the present
disclosure. For ease of explanation, the leading towed body
200 1s described as being used 1n the towing system 100 of
FIG. 1. However, the leading towed body 200 could be used
in any other suitable system.

The leading towed body 200 1includes a forward tow point
215, a hull 220, an aft tow point 225, and a transmuit array.
The ABA 210 1s mounted to the ait tow point 225 and 1s
coniigured to connect the aft tow point 225 to a mid-point of
the tow cable 205. An auxiliary tow ball that 1s forward-
bearing at the forward tow point 2135 1s a part of the cable
205 and 1s spaced a distance from the ABA 210 that is
greater than the distance between the aft and forward tow
points 2235 and 215.
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The leading towed body 200 and tow cable 205 could, for
example, be used 1n the towing system 100 of FIG. 1. For
example, the forward direction 130 indicates the direction
toward which a vessel, such as the vessel 105, tows the
leading towed body 200, bearing the drag loading at tow
point 215. Note that components 210, 215, 220, and 225 in
FIG. 2 could be the same as or similar to corresponding
components 125, 140, the hull, and 145 i FIG. 1. These
components 1 FIG. 2 can operate 1n the same or similar
manner as the corresponding components 1 FIG. 1.

The zoomed-1n portion of FIG. 2 shows the ABA 210 at
a close point of view. As shown, the ABA 210 1s 1n an
engaged state, where the tow ball of the tow cable 205 is
clectrically and mechanically coupled to the tow socket 230
of the leading towed body 200. The tow socket 230 of the
leading towed body 200 includes an outer housing 235
forming a fixed sleeve mto which the tow ball of the tow
cable 205 can shide into for engaging or slide out of for
disengaging the tow ball of the tow cable 205. The tow
socket 230 also includes a front plate 240 fastened to a front
of the outer housing 235 and providing a front surface of the
tow socket 230. Internal components of the tow socket 230
include a rotation sleeve, a tow ball receiver that 1s a
component of a tow socket connection assembly, low {1ric-
tion rings, and a cam, each of which are described more
particularly below with reference to FIGS. 7B and 8. In the
engaged state, as the tow ball of the tow cable 205 is
disposed within the sleeve of the tow socket 230, the tow
ball 1s hidden from view from the side perspective of FIG.
2. In the disengaged state, the tow ball of the tow cable 205
1s outside of the sleeve of the tow socket 230, and would be
visible from the side perspective of FIG. 2.

A first portion 205a of the tow cable 205 extends from the
forward tow point 215 to the vessel. A second portion 2055
of the tow cable 205 extends from the forward tow point 2135
to the tow socket 230. A third portion 205¢ of the tow cable
205 extends from the tow socket 230 to a tow point of the
trailing towed body 120.

Although FIG. 2 1llustrates one example of a towed body
200, various changes may be made to FIG. 2. For example,
the relative sizes, shapes, and dimensions of the various
components shown in FIG. 2 are for 1llustration only. Each
component 1n FIG. 2 could have any other size, shape, and
dimensions.

FIGS. 3 through 12C 1llustrate details of the ABA 210 of
FIG. 2 according to this disclosure. For ease of explanation,
the ABA 210 1s described as being a component of the
leading towed body 200 that 1s used 1n the system 100 of
FIG. 1. However, the ABA 210 could be used in any other
suitable system.

FIG. 3 illustrates the ABA 210 of FIG. 2 1n a disengaged
state. In the disengaged state, the tow ball 305 of the tow
cable 205 1s outside of the tow socket 230. In the position
shown, the third portion 205¢ of the tow cable 205 1s
disposed within the tow socket 230, and the tow ball 305 1s
positioned to be radially aligned with the sleeve.

In this perspective, namely, forward of the tow socket 230
facing aft, an external surface 1s shown, including the front
surface 310 and side surface 315, of the tow socket 230. The
external surface of the tow socket 230 has the shape of a
circular tube or sleeve with a wedge notch cutout (1.¢., slot)
at approximately 1ts 12 o’clock position. The wedge notch
cutout extends from the front surface 310 to the rear surface
of the tow socket 230. The front surface 310 includes an
outer circumierence 320 at the external surface of the tow
socket 230, and an 1nner circumierence 3235 formed by a
hole through the entire length of the tow socket 230. The
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inner circumierence 325 at the front surface 310 forms an
entrance for the tow ball 305 to enter the hole.

The side surface 315 includes the round external surface
ol the outer housing 235 formed at the outer circumierence
320 and a mount rail portion 330 that extends radially
outward from the round external surface of the outer housing

235. The mount rail portion 330 allows bolts to fasten the
tow socket 230 to the aft tow point 225 by extending
vertically through the mount rail portion 330. The mount rail
portion 330 is fastened to the outer housing 235 by bolts
extending horizontally through the mount rail portion 330.
Other methods can be used to attach the tow socket 230 to
the aft tow point 225, such as welding.

The tow ball 305 includes multiple cable interfaces con-
figured to connect to the tow cable 205. These cable inter-
face components can function separately or as intrinsic
protection, strength members, or U-joint-type bend limiters.
More particularly, the tow ball 305 includes a forward cable
interface 335 to couple to the second portion 2055 of the tow
cable 205. The tow ball 305 includes a rear cable 1nterface
(shown 1n FI1G. 4 by reference number 410) to couple to the
third portion 205¢ of the tow cable 205. The forward cable
interface 335 can be similar to the rear cable interface 410,
namely, including u-joints with a threaded cylinder config-
ured to mate with the second portion 2055 of the tow cable
205. That 1s, the second portion 20556 of the tow cable 205
can connect to the tow ball 305 via the forward cable
interface 335 1n a same or similar way that the third portion
205¢ connects with the tow ball 305 via the rear cable
intertace 410.

The tow ball 305 1ncludes a ball member 340 between the
forward cable interface 335 and rear cable interface 410. The
ball member 340 can have the shape of a cylinder with a
front and rear truncated cone on each of 1ts bases (as shown
in FIG. 3), or another suitable shape that complements the
shape of the internal components of the tow socket 230. The
cylinder portion of the ball member 340 includes cam
tollower 345 disposed within a recess. The cam follower 345
can be a flat head pin that fits into the pin holes 350 within
the recess. The pin head of the cam follower 345 protrudes
radially outward from the cylinder portion of the external
surface of the ball member 340. When the cam follower 345
enters the tow socket 230, the pin head of the cam follower
345 contacts an internal surface of a rotation cam (shown 1n
FIGS. 7A and 7B by reference number 725), thereby 1niti-
ating a clocking operation. That 1s, movement of the tow
cable 205 1n a direction of the longitudinal axis of the ABA
210, such as during a winching operation, causes the tow
ball 305 to slide into and interact with the internal compo-
nents of the tow socket 230.

FIG. 4 1llustrates a rear of the tow ball 305 facing a front
of a tow ball recerver 405 for clocking and mating according
to embodiments of the present disclosure. As shown, the rear
of the tow ball 305 includes the rear cable interface 410 and
multiple ({or example, eleven) pin holes 415 (including pin
holes 415a-4135b) within 1ts rear truncated cone; and the 12
o’clock position of the rear truncated cone includes an
unpierced portion between pin holes 415aq and 4155. Cor-
respondingly, the front of the tow ball receiver 405 includes
the same number (for example, eleven) of pin holes 420
(1including pin hole 420a) spaced apart from each other by a
same 1nterval of pin holes 415 of the tow ball 305. When the
pin hole 420a immediately beside the wedge notch cutout
aligns with the pin hole 41354, the 12 o’clock position of the
tow socket 230 1s clocked into alignment with the 12 o’clock
position of the tow ball 305.
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Dowel pins (shown in FIG. 7B by reference number 745)
can be inserted into pairs of corresponding pin holes to
establish accurate final alignment of the tow ball receiver
405 with the tow ball 305. That 1s, one end of a dowel pin
can be mserted mnto either the pin hole 4154a or the pin hole
420a such that when the tow socket 230 and tow ball 305 are
clocked into close alignment as a result of the cam follower
in tow ball 305 moving the cam 230, movement of the tow
ball 305 toward the tow ball recerver 405 1nserts the opposite
end of the dowel pin 1nto 1ts mating pin hole (415a or 420q).
As such, the center longitudinal axis of each pin hole 415
can be substantially collinear with the center longitudinal

axis of each corresponding pin hole 420.
The rear cable interface 410 includes a threaded end 425

and a u-joint end 430. The threaded end 423 1s configured to
threadedly attach to the protection/strength member/bend
limiter of cable portion 205¢ of the tow cable 205. The
u-joint end 430 includes a u-joint end in contact with the rear
truncated cone. The u-joint end 430 includes a pin about
which the threaded end 425 pivotably attaches to the u-joint
end 430.

Although FIG. 4 illustrates one example of a clocking and
mating hardware configuration between the tow ball 305 and
tow ball recerver 405, various changes may be made to FIG.
4. For example, the relative sizes, shapes, and dimensions of
the various components shown in FIG. 4 are for illustration
only. Each component in FIG. 4 could have any other size,
shape, dimensions, and number of connectors. As another
example, other suitable clocking and mating configurations
can be used, such as a ball and divot on mating surfaces.

FIG. 5 illustrates a longitudinal cross-section of an
example tow ball 500 according to embodiments of the
present disclosure. For ease of explanation, the tow ball 500
of FIG. 5 1s described as being a component of the tow cable
205 that 1s used 1n the system 100 of FIG. 1.

The tow ball 500 includes conductors 505 throughout its
length, from the forward end to the rear end. The conductors
505 include an inner core of conductors 310 that carry power
and signals to and from the receive array 150 in an aft
direction. The inner core of conductors 510 includes mul-
tiple conductors, such as fiber optics for data communica-
tions. The mner core of conductors 510 passes through the
tow ball 500 substantially along the center longitudinal axis
of the tow ball 500.

The conductors 505 include a layer of breakout conduc-
tors 515 that surround the 1nner core of conductors 510, such
as 1n a concentric manner. The power and signals transmuitted
to the transmitter of the leading towed body 200 1s carried
by the layer of breakout conductors 515.

The tow ball 500 includes a plurality (e.g., eleven) of
breakout connectors 3520. Fach breakout connector 520
includes one end that connects to a corresponding conductor
and another end that 1s disposed 1nside of a pin hole (e.g., pin
hole 415 for making electrical contact with a connector in
the tow socket 230. In this longitudinal cross-sectional view,
two breakout connectors 520 are shown, and each 1s con-
nected to a breakout conductor 525 from the layer of
breakout conductors 515. Accordingly, inside of the tow
ball, each breakout conductor 5235 spreads apart from the
inner core of conductors 510 to reach a corresponding
breakout connector 520. As shown, the tow ball 500 i1s

pre-wired to the multiple (e.g., eleven) breakout connectors
520 within the tow ball 500 to mate with the same number

ol rotatable sleeve connectors in the tow socket 230.

The tow ball 500 represents a portion of a single tow cable
that further includes a protective/structural/bend limiting,
member 530 surrounding the layer of breakout conductors
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515, such as 1n a concentric manner. Member 530 can
include multiple wires, such as steel wires, or other load
bearing sleeving or U-joint components suitable for winch-
ing and with standing tension.

Like i FIG. 1, the line C represents the location for the
lateral cross-section of the single tow cable, and the circle
with an “x” through the center represents a direction into the
page for the cross-section cut along the line C.

FIG. 6 illustrates a lateral cross-section of an example tow
cable 600 according to embodiments of the present disclo-
sure. The tow cable 600 1s a single cable that can be the same
as or similar to the tow cable 110 or 205. For example, the
line C represents the location for the lateral cross-section of
the tow cable 110. The arrows attached to the line C
represent a direction for the cross-section cut along the line
C (1.e., the direction represented by the circle with an “x”
through the center in FIGS. 1 and 5). A lateral cross section
of the second portion 2055 of the tow cable 203 1s similar to
or substantially the same as a lateral cross section of the tow
cable disposed 1nside of the forward end of the tow ball 305,
500.

The tow cable 600 includes three concentric layers,
namely, an inner core of conductors (e.g., mner core of
conductors 310), an intermediate layer of breakout conduc-
tors, and a structural member forming an outer layer. In the
example shown, the mner core includes six inner conductors
605 arranged 1n a circular manner surrounding a center
conductor 610. The center conductor 610 includes optical
fibers configured to carry data communications. More par-
ticularly, the center conductor 610 carries a SONAR signals
to and from the vessel 105. In certain embodiments, the
inner conductor 603 can have the same or similar function
as the center conductors 610. In certain embodiments, the
center conductor 610 provides structure to the tow cable 110.

In the example shown, intermediate layer of breakout
conductors includes a plurality (e.g., eleven) of breakout
conductors 615. Each breakout conductor 615 is formed of
an electrically conductive material, such as copper, and
carries electrical power.

In the example shown, the outer layer structural member
includes two sublayers of tension resilient wires. The outer
layer includes wires 620 with a smaller diameter than the
wires 625 of the penultimate layer.

Note that components 605 and 610 of the inner core,
components 615 of the intermediate layer, and components
620-625 of the outer layer 1n FIG. 6 could be the same as or
similar to corresponding components of the mner core of
conductors 510, components 525 of the layer of breakout
conductors 515, and the structural member 530 in FIG. 5.
These components in FIG. 6 can operate in the same or
similar manner as the corresponding components 1n FIG. 5.

Although FIG. 6 illustrates one example of a tow cable
600, various changes may be made to FIG. 6. For example,
the relative sizes, shapes, and dimensions of the various
components shown in FIG. 6 are for illustration only. Each
component 1n FIG. 6 could have any other size, shape, and
dimensions. As another example, the mntermediate layer can
include any suitable number of breakout conductors 615, so
long as the number matches the number of pin holes 415 1n
the tow ball 305, 500 or number of pin holes 420 1n the tow
ball receiver 403.

FIGS. 7A and 7B illustrate an example aft tow point
socket 700 (heremnafter referred to as “tow socket”) accord-
ing to embodiments of the present disclosure. FIG. 7A
shows an assembly view of the tow socket 700. FIG. 7B
shows an exploded view of the tow socket 700. FIGS. 7TA
nd 7B will be described together.
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The tow socket 700 includes an outer housing 705, a
mount rail 710 on each side of the outer housing 705, a front
plate 715 fastened to a front of the outer housing, and other
external components. The outer housing 705 extends from
the front plate 715 to the back plate 735. The tow socket 700
also 1ncludes internal components housed within the outer
housing 705. The internal components include a rotation
sleeve 720, a rotation cam 725, the tow ball receiver 405
(shown in FIG. 4), a thrust washer 730, a back plate 735, a
guide cam 740, dowel pins 745, a slotted spring pin 750,
various lasteners, and other internal components. The slotted
spring pin 7350 limits the necessary cam action to a maxi-
mum rotation of about 180°.

The tow socket 700 could, for example, be used with the
towing system 100 of FIG. 1 and the leading towed body
200. Note that components 700, 705, and 715 1n FIGS. 7A
and 7B could be the same as or similar to corresponding
components 210, 235, and 240 1n FIG. 2. These components
in FIGS. 7A and 7B can operate in the same or similar
manner as the corresponding components 1 FIG. 2.

FIGS. 8A and 8B illustrate a solid assembly view of the
tow socket 700 of FIG. 7 mounted to an aft tow point 805.
FIG. 8A shows a perspective view of the tow socket 700.
FIG. 8B shows a cross-sectional view of the tow socket 700.
FIGS. 8A and 8B will be described together. For ease of
explanation, the tow socket 700 1s described as being a
component of the leading towed body 200 of FIG. 2. Note
that the aft tow point 805 could be the same as or similar to
the aft tow point 225 1n FIG. 2.

As shown, the rotation sleeve 720 wedge cut out 15 on top
and aligned with the wedge cut out of the outer housing 705,
which 1s the position for top-down cable entry into the center
ol the tow socket 700.

The internal components of the tow socket 700 are
arranged symmetrically about 1ts longitudinal center axis
and at various radial distances from the longitudinal center
axis. The outer housing 705 forms an outer fixed sleeve that
does not move relative to the aft tow point 805. Multiple
(e.g., two) low Iriction rings 810 are disposed between the
rotation sleeve 720 and the internal surface of the outer
housing 705 to enable the rotation sleeve 720 to rotate either
clockwise or counterclockwise with low friction between the
two surfaces. In certain embodiments, the low friction rings
810 are flush with the outer surface of the rotation sleeve 720
and do not extend radially outward beyond the outer cir-
cumierence of the rotation sleeve 720. The low friction rings
810 can be composed of maternial such as Tetlon or nylon.
Alternatively, surface treatments applied to the rotation
sleeve 720 or imner surface of the outer housing 705 can
provide low rotational resistance.

The guide cam 740 holds front low friction ring 810 in a
fixed location relative to the front and back of the rotation
sleeve 720. That 1s, the guide cam 740 1s fixed to an internal
surface of the rotation sleeve 720. The guide cam 740 1s
disposed radially within the rotation sleeve 720 in a same
concentric layer as the rotation cam 725. The guide cam 740
prevents the cam follower 345 on tow ball 305 from jam-
ming when the tow cable 205 1s not well aligned axially with
socket assembly 700 prior to tow ball 305 insertion.

The tow ball receiver 405 forms the inner most concentric
layer of the tow socket 700. The inner circumierence of the
tow ball receiver 405 1s suilicient for the inner core of
conductors (e.g., mner core of conductors 510) to pass
through. In certain embodiments, the inner circumierence of
the tow ball receiver 1s wider than the outer circumierence
of the mner core (e.g., a conduit including the mner con-
ductors 605) by a clearance distance. Near the rear of the
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outer housing 705, the rotation cam 725 1s disposed radially
between the tow ball receiver 405 and the rotation sleeve
720. More particularly, the front of the tow ball receiver 4035
that includes the entrance to the pin holes 420 has an outer
circumierence corresponding to the iner circumierence of
the rotation cam 725. The tow ball receiver 405 extends in
an ait direction from 1its front to a distance beyond the back
plate 735, and each pin hole 420 extends the entire length of
the cylinder portion of the tow ball recerver 405. The tow
ball receiver 405 includes a flange near i1ts front, and the
flange protrudes radially outward from the outer circumfier-
ence of the cylinder portion of the tow ball receiver 405.

The fasteners 815 extend through and fasten the flange of
the tow ball receiver 405 to the rotation sleeve 720. Accord-
ingly, the tow ball receiver 405 rotates together 1n unison
with the rotation sleeve 720 while remaining 1n a fixed
orientation relative to the rotation sleeve 720.

The fasteners 820 extend through and fasten the rotation
sleeve 720 to the rotation cam 723. Accordingly, the rotation
cam 7235 rotates together 1n unison with the rotation sleeve
720 while remaining 1n a fixed orientation relative to the
rotation sleeve 720. That 1s, the rotation sleeve 720, the
rotation cam 725, and the tow ball receiver 405 are fixed 1n
orientation relative to each other and rotate as a unit.

Fasteners 823 extend through and fasten the back plate
735 to the outer housing 7035. Accordingly, the back plate
735 remains 1 a fixed orientation relative to the outer
housing 705 and the aft tow point 805.

The thrust washer 730 1s disposed longitudinally between
the back plate 735 and the rear face of the flange of the tow
ball receiver 405. The thrust washer 730 has an outer
circumierence substantially the same as the outer circum-
ference of the rotation sleeve 720, and has an inner circum-
ference substantially the same as the outer circumierence of
the rear portion of tow ball receiver 403.

Although FIG. 8 1illustrates one example of a tow socket
700, various changes may be made to FIG. 8. For example,
the relative sizes, shapes, and dimensions of the various
components shown 1n FIG. 8 are for illustration only. Each
component 1n FIG. 8 could have any other size, shape, and
dimensions. As another example, the tow socket 700 could
include flexible pigtails (shown 1n FIGS. 10B and 11B as
reference number 1005) from a back side of the tow ball
receiver 405.

FIG. 9 illustrates a method 900 of engaging an ABA
according to embodiments of the present disclosure. For
case ol explanation, the method 900 will be described as
being implemented by the ABA 210.

In block 905, the tow socket 230 receives the tow cable
203 1nto the center of the tow socket 230. More particularly,
at the start of the method 900, the wedge notch cutout at a
top position that 1s approximately a 12 o’clock position. The
wedge notch cutout of the internal components (1.e., rotation
sleeve 720, rotation cam 725, and tow ball receiver 405) are
rotationally aligned with the wedge notch cutout of the outer
housing 235 1n order for the tow cable 205 to be lowered 1n
the center. The third portion 205¢ of the tow cable 205 1s
initially above the tow socket 230, and gets lowered 1nto the
wedge notch cutout of the outer housing 235 and internal
components by an automated process.

In block 910, the randomly-aligned tow ball 305 passes
through the entrance of the tow socket 230. That 1s, the tow
socket 230 receives the tow ball 305 at the random orien-
tation. More particularly, once the third portion 205¢ of the
tow cable 2035 1s disposed within the center of the tow socket
230, a winching operation moves the tow cable 203 such that
the tow ball 305 moves 1n the aft direction.
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In block 915, the tow socket 230 rotates to rotationally
align the tow socket pin holes 420 (including corresponding
tow socket connectors therewithin) with the pin holes 415
(including corresponding breakout connectors 520) of the
tow ball 305. More particularly, force of the cam follower
345 against the rotation cam 7235 drives the rotation sleeve
720, the rotation cam 725, and the tow ball receiver 405 to
rotate as a unit to a point of close final alignment. Final
precision alignment occurs when two close-tolerance dowel
pins 745 engage two (2) tow ball pin holes 415a with two (2)
tow socket pin holes 420q prior to the connectors mating.
That 1s, final precision alignment occurs when an opposite
end of a dowel pin 745 that has one end disposed within the
tow socket pin hole 4204 enters the corresponding pin hole
415a.

In block 920, the tow socket 230 mates (e.g., electrically
couples) to the tow ball 305. That 1s, conductors 420 within
the tow ball receiver 405 each have connectors that form an
clectrical connection to the intermediate layer conductors
515 within the tow ball 500 through 1ts corresponding
connectors.

Although FIG. 9 illustrates one example of method of
engaging an ABA 210, various changes may be made to FIG.
9. For example, while shown as a series of steps, various
steps 1 FIG. 9 could overlap, occur in parallel, occur 1n a
different order, or occur any number of times. As another
example, a reverse order or the engagement process imple-
ments a disengagement process.

FIGS. 10A through 12C illustrate various operations
within method of engaging an ABA 1n FIG. 9. FIGS. 10A
and 10B 1llustrate the operation of block 905 in FI1G. 9. FIG.
10A 1illustrates the operation of block 905 from a point of
view looking at a forward or front face of the tow socket 230
in the aft direction. FIG. 10B illustrates the operation of
block 9035 from a point of view looking at the rear face of the
tow ball receiver 405 of tow socket 230 in the forward
direction 130. The tow ball 303 1s outside of and forward of
the tow socket 230 according to the forward direction 130.
The tow ball orientation 1s initially random relative to the
orientation of the tow socket 230. The tow ball connectors
are keyed to the cam follower 345, while the tow socket
connectors are keyed to the rotation cam 725 and rotation
sleeve 720. The tlex cable 1005 has slack to rotate clockwise
or counter clockwise. The tlex cable 1005 provides a con-
nection from the towed body to the rotating sleeve.

FIGS. 11A and 11B illustrate the operation of block 910
in FIG. 9. FIG. 11A 1illustrates the operation of block 910

from a point of view looking at a forward or front face of the
tow socket 230 1n the ait direction. FIG. 11B 1llustrates the
operation of block 910 from a point of view looking at the
rear face of the tow ball receiver 405 of the tow socket 230
in the forward direction 130. The cam follower 345 makes
surface-to-surface contact with the internal surface of the
rotation cam 725, forcing the rotation sleeve 720 to rotate
clockwise or counterclockwise based on whether the cam
tollower 343 contacts a right or left side of the rotation cam
725. In the example shown, the cam follower 345 protrudes
leftward (looking aft) as 1t contacts the left side of the
rotation cam 725, and as a result, the tow ball receirver 405

rotates counterclockwise (looking aft).
FIGS. 12A, 12B, and 12C 1llustrate the operation of block

920 1n FIG. 9. FIG. 12A illustrates the operation of block
920 from a point of view looking at a forward or front face
of the tow socket 230 1n the aft direction. FIGS. 12B and
12C 1llustrates the operation of block 920 from a point of
view looking at the rear face of the tow socket 230 1n the
tforward direction 130, wherein the flex cable 1005 wraps
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clockwise and counterclockwise, respectively. The aft end of
the tow ball 305 bears on the tow ball receiver 405 of tow
socket 230 as a result of tension on the third portion 205¢ of
the tow cable. The flex cable 10035 wraps zero to 180° 1n the
clockwise or counter clockwise direction.

While this disclosure has described certain embodiments

and generally associated methods, alterations and permuta-
tions of these embodiments and methods will be apparent to
those skilled 1n the art. Accordingly, the above description of
example embodiments does not define or constrain this
disclosure. Other changes, substitutions, and alterations are
also possible without departing from the spirit and scope of
this disclosure, as defined by the following claims.

Modifications, additions, or omissions may be made to the
systems, apparatuses, and methods described herein without
departing from the scope of the invention. The components
of the systems and apparatuses may be integrated or sepa-
rated. Moreover, the operations of the systems and appara-
tuses may be performed by more, fewer, or other compo-
nents. The methods may include more, fewer, or other steps.
Additionally, steps may be performed in any suitable order.
As used 1n this document, “each” refers to each member of
a set or each member of a subset of a set.

What 1s claimed 1s:

1. A system comprising:

a body comprising a tow socket configured to receive a
randomly-aligned tow ball, the tow socket having a
rotatable sleeve, a cam, and multiple mating connec-
tors, each mating connector electrically coupled to an
electrical conductor; and

a cable configured to be coupled to the body in order to
facilitate towing of the body, the cable comprising
multiple core connectors and multiple breakout con-
nectors configured to transport signals,

wherein the cable further comprises a tow ball configured
to enter the rotatable sleeve of the tow socket, the tow
ball comprising connectors configured to couple the
breakout connectors of the cable to the mating connec-
tors of the tow socket,

wherein the cam 1s coupled to the rotatable sleeve and
configured to rotate the rotatable sleeve to substantially
align the mating connectors of the tow socket with
connectors of a tow ball such that each electrical
conductor electrically coupled to a mating connector
couples to a corresponding connector of the tow ball.

2. The system of claim 1, wherein the tow socket further
includes a fixed sleeve within which the rotatable sleeve 1s
configured to rotate.

3. The system of claim 2, wherein the fixed sleeve 1s
configured to fixedly attach to the body.

4. The system of claim 1, wherein the cam i1s further
configured to rotate according to a force from physical
contact between the cam and cam follower of the tow ball.

5. The system of claim 1, wherein the connectors of the
tow ball are configured to pass through electrical conductors
and optical conductors.

6. That system of claim 1, wherein the cable includes a
structural member and electrical conductors arranged con-
centrically.

7. The system of claim 1, wherein the tow ball 1s disposed
at a mid-point of the cable.

8. The system of claim 1, wherein the tow socket further
COmprises:

a slot configured to receirve the cable into the rotatable

sleeve, and
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an entrance through which the tow ball enters the rotat-
able sleeve,

wherein the slot 1s arranged perpendicular to the entrance.

9. The system of claim 1, wherein movement of the cable
transiers a tow loading force between the cable and the tow
socket.

10. An apparatus comprising:

a tow socket configured to receive a randomly-aligned
tow ball, the tow socket having a rotatable sleeve, a
cam, and multiple mating connectors, each mating
connector electrically coupled to an electrical conduc-
tor,

wherein the cam 1s coupled to the rotatable sleeve and
configured to rotate the rotatable sleeve to substantially
align the mating connectors of the tow socket with
connectors of a tow ball such that each electrical
conductor electrically coupled to a mating connector
couples to a corresponding connector of the tow ball.

11. The apparatus of claim 10, further comprising a fixed
sleeve within which the rotatable sleeve 1s configured to
rotate.

12. The apparatus of claim 11, wherein the fixed sleeve 1s
configured to fixedly attach to a body.

13. The apparatus of claim 10, wherein the cam 1s further
configured to rotate according to a force from physical
contact between the cam and cam follower of the tow ball.

14. The apparatus of claam 10, wherein the rotatable
sleeve 1s configured to receive the tow ball through an
entrance.

15. The apparatus of claim 10, wherein the apparatus 1s
fixedly attached to a body to be towed, and

wherein the tow ball 1s a component of a cable that 1s
configured to be coupled to the body in order to
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facilitate towing of the body, the cable comprising
multiple core connectors and multiple breakout con-
nectors configured to transport power and signals.

16. The apparatus of claim 10, wherein movement of the
cable transfers a tow loading force between the cable and the
tow socket.

17. A method comprising:

recerving, by a tow socket having a rotatable sleeve and
multiple mating connectors, a cable into the tow socket
through a slot, wherein the cable comprises a tow ball,
and wherein each mating connector is electrically
coupled to an electrical conductor;

recerving, by the rotatable sleeve, the tow ball through an
entrance;,

rotating a cam to rotate the rotatable sleeve to substan-

tially align the mating connectors of the tow socket
with connectors of the tow ball such that each electrical
conductor electrically coupled to a mating connector
couples to a corresponding connector of the tow ball;
and

transierring a tow loading force between the cable and the
tow socket by moving the cable.

18. The method of claim 17, wherein the cam 1s further

configured to rotate according to a force from physical
contact between the cam and cam follower of the tow ball.

19. The method of claim 17, turther comprising coupling
the connectors of the tow ball with the mating connectors of
the tow socket.

20. The method of claim 17, wherein the slot 1s arranged
perpendicular to the entrance.
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